The results of studies utilizing the nitrous oxide technic for measuring cerebral blood flow have been reviewed and divided into three groups: (1) those in which cerebral blood flow and metabolism were normal, (2) those in which cerebral blood flow was increased, and (3) those in which cerebral blood flow and metabolism were decreased. The factors which apparently regulate and control cerebral blood flow and metabolism are reviewed and discussed.
T HE DEVELOPMENT of the nitrous oxide technic for the determination of cerebral blood flow by Kety and Schmidt in 19451 has resulted in considerable clarification of many problems related to the circulation and metabolism of the brain; simultaneously these studies have raised many new questions and opened new vistas for speculation and investigation into the problems of cerebral circulation and metabolism. Prior to the use of this technic, numerous indirect methods of estimating changes in cerebral blood flow had been in use. None was entirely satisfactory, though each made some definite contribution to our knowledge.2 Direct observations of pial blood vessels through a glass window in the skull had the disadvantages of using animals rather than man, and inferences concerning changes in intracerebral vessels had to be made from observing pial vessels, which may not react similarly to vessels within the brain substance. 3 metabolism will obviate even these estimations. The dye injection method9 and rate of displacement of spinal fluid" are useful procedures; the latter is complicated by the fact that changes in circulation in the skin of the face may directly affect the measurement.
The nitrous oxide procedure is an application of the Fick principle, which states, in effect, that the amount of a substance deposited in an organ in a given period of time is equal to the amount of that substance brought to the organ by the arterial blood minus the amount removed by the venous blood. Cerebral venous blood is obtained from a needle placed in either internal jugular bulb, for the composition of blood in both is essentially the same."1- '3 Arterial blood is obtained from any convenient artery. Blood is drawn from both these sources as the patient breathes a nonanesthetic mixture of nitrous oxide. The final nitrous oxide concentration in the brain is obtained by inference from the cerebral venous nitrous oxide concentration after equilibrium between venous blood and brain has occurred. Cerebral oxygen and glucose consumption are the products of cerebral blood flow and arterial-cerebral venous oxygen and glucose differences respectively. Cerebral vascular resistance is the quotient of mean arterial pressure divided by cerebral blood flow. Cerebral venous oxygen tension can be computed from the per cent oxygen saturation of cerebral venous blood by means of a standard oxyhemoglobin dissociation curve drawn for pH 7.4. oxide procedure for measuring cerebral blood flow is different from most physiologic applications of the Fick principle in that it measures blood flow per unit weight of brain tissue, and therefore is not dependent upon a knowledge of the weight of the organ. This has certain advantages and disadvantages. One advantage is that determination of brain weight in any given individual would obviously be difficult and unquantitative. A disadvantage is that normal values for cerebral blood flow and metabolism could theoretically be obtained even if a portion of the brain were completely removed, provided that the circulation to and metabolism of the remainder of the brain were still normal.
There has been some discrepancy in the reported normal values for cerebral blood flow. Using a modification of the original nitrous oxide procedure, in which the mean arteriovenous nitrous oxide difference was measured by drawing simultaneous continuous samples from the artery and vein, rather than five separate samples from each, Scheinberg and Stead'4 found a normal mean cerebral blood flow value of 65 ml. per minute per 100 Gm. brain. The reasons for this difference from Kety's reported normal mean value of 5413 are not entirely clear, and may be due to differences in the technics.
The normal cerebral blood flow represents about 14 per cent of the total cardiac output. The brain extracts considerably more oxygen from the blood flowing through it than does either the liver or the kidney, so that the normal cerebral oxygen consumption is 3.8 ml. oxygen per minute per 100 Gm. brain, or about 53 ml. oxygen per minute for the whole brain. '4 Thus the brain, an organ of only 1400 Gm., accounts for about 22 this results in an increase in cardiac output of some 40 to 50 per cent and a similar increase in total oxygen consumption." (2) Bradyeardia, increased sweating, constriction of skin vessels as characterized by paleness, followed by hypotension, and occasionally, fainting; in this group cardiac output may be below normal.2' (3) Hyperventilation, associated with changes in the circulation which can no longer be at- studied, the anemia of acute blood loss appears to cause an increase in cerebral blood flow commensurate to the rise in cardiac output which occurs.4" This increase in circulation is a compensatory mechanism which maintains a normal state of oxygen delivery and is common to all tissues and organs and not exclusively a property of cerebral vessels. That this compensatory increase does not occur in all types of anemia will be demonstrated later. It is possible that decreased blood viscosity in anemia may account for some of the increase in circulatory rate. Cerebral Hemangioma. The rapid blood flow in cerebral hemangioma is to be expected and is simply a reflection of the presence of arteriovenous shunting, so that the blood does not pass through cerebral capillaries.47 Its occurrence is of practical importance in that the measurement of cerebral blood flow may be a diagnostic aid in doubtful cases.
Papaverine. Papaverine, in large doses, apparently has a direct effect on cerebral vessels, resulting in cerebral vasodilatation.36 37 The increased cerebral blood flow is an indication that the effect of papaverine is due to more than the fall in arterial pressure which follows its administr ation. 100 per cent Oxygen. The reduction of cerebral blood flow in hyperventilation seems to be re lated to the alkalosis resulting from the overbreathing, again adding support to the belief that hydrogen ion concentration is an important factor in the regulation of cerebral circulation, blood flow decreasing as blood pH rises.49 The reason for the increased cerebral metabolism accompanying hyperventilation is not at all clear, particularly since such subjects usually show considerable depression in their level of awareness. The cerebral vascular constriction which accompanies the breathing of high oxygen content gas has been previously mentioned. Polycythemia. The role of blood viscosity in cerebral circulation is exemplified by the increased vascular resistance accompanying polycythemia.50 The thicker blood apparently offers greater frictional resistance to its flow through small vessels, and clinical confirmation of this phenomenon is seen in numerous cerebral symptoms, such as vertigo, giddiness, headache, and vascular occlusions, which accompany this disease.
T/hiopental
Motionless Standing. Although an increase in the arterial pressure head does not result in increased cerebral blood flow, a great decrease in cerebral arterial pressure is usually followed by a reduction in blood flow, as indicated by data collected in normal subjects in the upright posture.'4 Under most circumstances the decreasing cerebral blood flow is compensated for by increased oxygen extraction by the brain so that cerebral metabolism remains normal. If this compensating mechanism is stretched too far, however, cerebral metabolism will probably fall and the subject will faint. This ability of the brain to maintain a stable rate of oxygen utilization during changes in blood flow when cellular function remains intact is also exemplified in heart failure, many patients with cerebral vascular disease, and following intravenous administration of aminophylline or caffeine. The fall in cerebral vascular resistance in the upright posture may represent true dilation of cerebral vessels in response to a drop in arterial pressure, or it may be the result of a decrease in pressure on the venous side of the Increased Intracranial Pressure. An increase in intracranial pressure results in an increase in cerebral vascular resistance, probably due to compression of cerebral vessels. Cerebral blood flow does not decrease, however, until intracranial pressure is three to four times its normal level, because the rising arterial pressure which accompanies a rising intracranial pressure partially compensates for the increased resistance.52 This compensatory mechanism soon fails, however, and cerebral hypoxia results in mental cloudiness and coma. The intimate communication of the cerebrospinal fluid with the veins of the body plays an important role in protecting the cerebral vessels from rapid changes in arterial or venous pressure (as in a sneeze or cough), for the increased pressure is immediately transmitted to the cerebrospinal fluid, thereby cushioning the cerebral vessels.
Cerebral Vascular Disease. Organic occlusion of cerebral vessels results in a progressive reduction in cerebral blood flow, which is at first compensated by increased oxygen extraction so that oxygen consumption remains normal despite a greatly increased cerebral vascular resistance. is not yet known, but apparently the brain, like the liver, continues to receive its normal percentage share of the decreased cardiac output. The finding that cerebral blood flow and oxygen consumption are reduced in heart failure comes as somewhat of a surprise, for it has been felt that the disproportionate reduction in renal blood flow seen in heart failure was the result of the body's efforts to maintain a normal circulation in other organs. If such favored organs exist, the brain is not one of them. The great reduction in cerebral blood flow in heart failure is a physiologic explanation for the mental symptoms frequently seen in cardiac patients.
Aminophylline and Caffeine. The administration of aminophylline or caffeine apparently results in cerebral vascular constriction, even though normal cerebral metabolism is maintained.37 54 The use of such a drug in the treatment of cerebral vascular disease is obviously contraindicated.
The importance of local tissue needs as a regulator of cerebral blood flow and vascular resistance is demonstrated in the group of conditions in which the reduction of cerebral metabolism may be the mechanism which initiates the changes in blood flow and vascular resistance.
Myxedema. In myxedema the reduction in cerebral metabolism and blood flow and increase in vascular resistance are reversible following thyroid therapy,55 suggesting that replacement of this metabolic substance permits the return of normal cellular metabolism and thereby increases the demand of the tissue for blood. It also appears that the reduction in cardiac output in myxedema is the result of the decreased tissue demands for blood. The 
